Introduction
Simple obesity (SO) in children is associated with several metabolic and hormonal disturbances which contribute to the risk of developing chronic lifestyle-related diseases in later life [1, 2] . While the metabolic problems occur due to the excess of adipose tissue that works as an endocrine organ, the hormonal disturbances are attributed to the changes in the plasma concentrations, secretory patterns and clearance of various hormones in SO [3] . Of the several hormonal disturbances in SO, thyroid dysfunction is the most commonly reported with a prevalence that ranges from 9.2 to 31.4% in different studies [4, 5] . The most common abnormality of thyroid function in children with SO is an isolated hyperthyrotropinemia (IsHT) also known as subclinical hypothyroidism (SCH) followed by minor changes in the ratios of triiodothyronine (T3) and thyroxine (T4) [3, 4] . Of the several underlying mechanisms proposed to explain thyroid dysfunction, the majority is poorly understood [4] . These include an adaptive response to increase energy expenditure, increased leptin production by adipose tissue, resistance to thyroid hormones and insulin, increased concentrations of inflammatory cytokines and thyroid autoimmunity [4] . None of these mechanisms, however, explains the thyroid dysfunction completely and hence the clinical implications remain non-absolute and specific therapy with levothyroxine is controversial [3, 4] . Mild SCH, unless associated with Hashimoto's thyroiditis, is frequently considered benign in pediatric population [6, 7] and therapy is recommended only if the thyroid stimulating hormone (TSH) remains consistently elevated [8] [9] [10] . Nevertheless, several recent studies have identified IsHT as an important risk factor for the development and progression of cardiovascular disease and nonalcoholic fatty liver disease (NAFLD) in obese children and adolescents [11] [12] [13] .
In addition, the current understanding that SO associated thyroid dysfunction may lead to other metabolic and hormonal alterations make an argument for its treatment with levothyroxine [3, 4] . Physicians often prescribe levothyroxine to these children alongwith other interventions believing that this may help in normalisation of body weight or overcome the difficulties in maintaining the weight loss [3, 14] .
The data on levothyroxine supplementation for thyroid dysfunction in children with SO is scarce. Clinical studies have not shown beneficial effects of levothyroxine supplementation on body weight [15, 16] . Additionally, use of levothyroxine may lead to subclinical hyperthyroidism in some patients [16, 17] . Several studies have in fact shown normalization of thyroid dysfunction with weight loss only [18] [19] [20] [21] [22] . A majority of these studies were either small in size, retrospective in design, and included diverse patient age groups and suggested further testing of the usefulness of additional levothyroxine in pediatric SO [3, 14] . We thus aimed to study the effect of levothyroxine supplementation on SO related thyroid dysfunction in children.
Material and methods

Enrolment of study subjects
Children with SO aged 6-12 years who attended the Pediatric Endocrinology Clinic of a tertiary care teaching hospital in Northwest India from January 2017 to March 2018 were included in the study. Obesity was defined as body mass index (BMI) ≥ 2 Z-score above the World Health Organization (WHO) 2007 Growth Reference mean. Children with stigmata of an endocrinopathy, a syndromic or a known genetic form of obesity were not considered eligible for inclusion. Thyroid dysfunction was defined as elevation of serum TSH (4-10 mIU/l) with or without alterations in total thyroxine (T4) (normal 4.5-11.5 ug/dl) or total triiodothyronine (T3) concentrations (normal 0.8-2.0 ng/ml). IsHT was defined as serum TSH level between 4 and 10 mIU/l and both T3 and T4 within the normal ranges. Children with positive thyroid autoantibodies (anti-thyroid peroxidase or antithyroglobulin) and those taking any medication that may interfere with thyroid function e.g. antiepileptics, iodinated drugs, and steroids were excluded. An informed consent from parents/ primary caregivers and assent from the child was taken before inclusion. The procedures followed during the study were in accordance with the Helsinki Declaration of 1975, as revised in 2008. The study was approved by the Institute's Ethics Committee (INT/IEC/2017/668).
Anthropometric assessment
Physical assessment included measurement of weight on electronic weighing machine (Avery, India) to the nearest 50 grams with children barefoot and wearing light clothing, and height with a stadiometer to the nearest 1 mm. Anthropometric calculations such as weight, height and BMI Z-scores were done with WHO Anthroplus software (version 1.0.4 WHO, Geneva, Switzerland).
Laboratory assessment
Laboratory investigations included measurement of serum concentrations of total T3, total T4, TSH, total cholesterol (TC), high-density lipoprotein-cholesterol (HDL-C), and triglycerides (TG) on venous blood samples drawn from antecubital vein in the morning after overnight fasting. Thyroid hormone estimations were done by chemiluminescence assay on Advia Centaur (Siemens Healthcare Diagnostics, USA) while parameters of lipid profile were measured by using dedicated kits on Advia 1800 clinical chemistry analyzer (Siemens Healthcare Diagnostics, USA).
Intervention and follow up visits
Throughout the duration of the study, all children participated in the routine weight management intervention that consisted of behavioral modification and a diet and physical activity plan. They were assigned to one of the 2 intervention groups by a computer generated random number table. Group 1 did not receive levothyroxine while group 2 received levothyroxine in a fixed dose of 25 μg/day (approximately 0.5 μg/kg/day). All children were followed up at 3-month intervals for 6 months.
A detailed anthropometric assessment was done at each follow up visits in addition to the measurements of thyroid and lipid parameters. The details were recorded into a predesigned proforma.
Statistical analysis
All the baseline and follow up data was coded and entered into the excel sheet for analysis. Results were expressed as mean ±SD. Baseline characteristics of the groups were compared by the Mann-Whitney U test. Within group comparisons of BMI Z-score, lipid and thyroid parameters from baseline to the endpoint were made by the Wilcoxan signed rank test. The values of these parameters were compared between the groups by two sample t-tests. Correlations between baseline and endpoint variables were done by Spearman's correlation coefficient. All analyses were performed on statistical package for social sciences (SPSS) for Windows (Version 22.0. Armonk, NY: IBM Corp.). A p-value < 0.05 was considered statistically significant.
Results
The study comprised of 51 children (33, 65% boys) with SO. The mean age was similar in the 2 groups (8.9 ±1.3 year vs. 8.8 ±1.3 year). None of the children showed symptoms suggestive of hypothyroid state or had a palpable goitre. All patients had IsHT. The various anthropometric and laboratory parameters were similar in the 2 groups at baseline and at the 3-month and 6-month study time points (Table I) . Within the groups, all children showed a significant decrease in weight and BMI Z-scores, and TSH levels from baseline to the study endpoint (Table I) . However, the mean decrease in these parameters was similar between the 2 groups (Table I ). In addition, the mean changes in height Z-scores, total T3, total T4, TC, TG and HDL-C were also similar between the 2 groups (Table I) . Normalization of TSH (< 4 mIU/l) occurred in 12 (48%) of children in group 1 as compared to 15 (57.6%) in group 2.
There was no significant correlation between change in BMI Z-scores to change in TSH levels in both the groups. A significant negative correlation between HDL and BMI Z-score was noted in both the groups at baseline (r = −0.42, p = 0.03). There was a negative correlation between weight Z-score and HDL (r = −0.47, p = 0.02), and a positive correlation between BMI Z-score and TG (r = 0.54, p = 0.007) at follow up visits in both the groups.
Discussion
In our study, the addition of levothyroxine to the weight reduction program did not show beneficial effects on body weight, BMI and thyroid profiles in obese children with IsHT. These results are consistent with several previous studies which demonstrated that the elevations in serum TSH in these patients respond well to the weight reduction measures and the addition of thyroxine is not needed [18] [19] [20] [21] [22] . In addition, levothyroxine supplementation did not show beneficial effects on the parameters of lipid profiles of these patients. Similar findings were observed by Eliakim et al. [15] . Interestingly, alterations of lipid parameters are amongst the first tissue effects of a hypothyroid state and several studies in adults have shown that treatment with levothyroxine has clear benefits on TC and LDL-C even in patients with mild SCH [23] . This beneficial effect of levothyroxine on lipid abnormalities is one of the main arguments that favours treatment of patients with SCH [24] . Similar to adult patients, mild SCH in children and adolescents has also been found to be associated with increases in TC and non-HDL cholesterol [25, 26] . But it is not known if specific treatment of mild SCH in children leads to improvement in dyslipidemia [26, 27] . Large randomized placebo controlled studies are therefore needed to determine if treatment of mild SCH in obese children leads to improvement in lipid parameters [26] . The data on the effects of specific therapy of IsHT with levothyroxine in children with SO is scarce [4] . A majority of the studies of levothyroxine supplementation conducted on non-obese children with IsHT, were not focused on changes in body weight or BMI [28] . One longitudinal study on comparative evaluation of 2-year therapy with levothyroxine versus no treatment in non-obese children with mild SCH, did not find any significant difference between the two groups in terms of BMI Z-scores [29] . Forty two of the 69 children who normalized their TSH after withdrawal of levothyroxine did not show any changes in BMI during the 2-year period indicating that the effects of addition of levothyroxine on anthropometric parameters were negligible [29] .
In children with SO, we could find only 2 previous studies on levothyroxine treatment of their IsHT [15, 16] . Eliakim et al. from Israel studied the effect of levothyroxine supplementation on body weight, linear growth and lipid profiles in 196 obese children and adolescents [15] . Fifteen of the obese children with IsHT also received levothyroxine substitution for 6 months and were compared to 26 non-treated subjects [15] . Treatment with levothyroxine showed no significant effect on body weight, linear growth and lipid profile except for a greater decrease in serum TG levels [15] . Serum TSH concentrations returned to normal ranges in the majority of children with IsHT who participated in the combined intervention irrespective of levothyroxine treatment [15] . In a more recent retrospective study, Matusik et al. from Poland analyzed the changes in anthropometrical (delta BMI Z-score) and hormonal (delta TSH) status from baseline to the first follow-up visit in 51 obese children with IsHT who were treated according to the same weight reduction program [16] . The proportion of children who showed normalization of TSH was similar in the group (25 children) that received additional levothyroxine as compared to the group (26 children) that did not receive levothyroxine (90.5% vs. 80.9% respectively) [16] . The difference in the delta BMI Z-scores between the 2 groups was also insignificant. The study demonstrated that dietary-behavioral management intervention contributed to reduction of BMI irrespective of levothyroxine use in obese children with IsHT [16] . It concluded, quite similar to our study that elevated levels of TSH are a consequence rather than cause of overweight and pharmacological treatment should be avoided [16] .
The usual dose of levothyroxine in children with SCH is 2 μg/kg/day [28, 29] . We chose a low dose of levothyroxine in view of our general observation of a mild IsHT in children with SO and observations by others that even a small dose in these patients might occasionally cause mild hyperthyroidism [16, 28] . None of our patients showed clinical or biochemical evidence of hyperthyroidism.
Although our study is the first prospective evaluation of specific treatment of IsHT in children with SO, we realize the limitations of a small sample size, use of total and not the free hormone concentrations, lack of blinding and an observation period not long enough to draw definite conclusions. It nevertheless provides a basis for further prospective, larger, wellcontrolled clinical trials to elucidate the role of levothyroxine in an ever-increasing population of children with SO. In addition, there are several areas in obesity associated thyroid dysfunction which require further research [4] . For example, it is not fully known if addition of levothyroxine to the weight loss interventions has additional benefits on body composition, energy expenditure, insulin sensitivity, lipid and glucose metabolism, NAFLD as well as other cardiometabolic factors such as blood pressure and cardiac status [4, 30] . It is thought that the elevation of TSH in obese children and adolescents might have a negative influence on the cardiac status due to its association with a higher TC and blood pressure [31] . Only longitudinal studies can confirm this hypothesis and establish whether a substitutive treatment with levothyroxine is really needed in these patients [31] . A recent systematic review suggests that levothyroxine replacement therapy can reduce blood pressure in adults with SCH but the results need to be validated in more clinical trials with larger samples [32] . Similar trials are also needed in obese children with IsHT. Recent data also indicates that thyroid hormones induce browning of the white adipose tissue and thus may help in nullifying the effects of extra energy intake [33]. This may have clinical implications for children and adults with SO not only by enabling them to stay slim but also counteracting the comorbidities such as type 2 diabetes [34] .
In conclusion, the addition of levothyroxine to weight management interventions has no beneficial effect on reduction in BMI and parameters of lipid and thyroid profiles in children with obesity. Larger, longitudinal trials of levothyroxine supplementation are needed to ascertain the cardiometabolic benefits in children with thyroid dysfunction due to simple obesity.
